Introduction
Hypertension is a major contributor to the current global disease burden, and the majority of diagnosed hypertensives are inadequately controlled (1) . This lack of control may be due in part to the incomplete understanding of the pathogenesis of hypertension. Hypertension has long been defined by blood pressure levels (1), a measure of hemodynamic properties. Consequently, the control of hypertension has focused on the lowering of blood pressure by the manipulation of cardiac output, peripheral resistance, and/or arterial stiffness using lifestyle modification and/or pharmacological interventions. The recent inclusion of high blood pressure as one of five components of the clinical identification of the metabolic syndrome may provide an opportunity to re-define hypertension as a metabolic, instead of a hemodynamic, disorder (2) .
Longitudinal epidemiological studies have confirmed the importance of general and abdominal obesity at baseline and their progression during follow-up in the development of future hypertension (3) . Adipose tissue is a rich source of metabolically active molecules, including adiponectin and leptin (4) . Adiponectin is considered a marker of metabolic syndrome (5) , and leptin directly reflects the amount of adipose tissue mass (6) . Obesity is also strongly associated with high-sensitivity C-reactive protein (hs-CRP), a marker of chronic systemic inflammation (7) . All three markers have been associated with hypertension in either cross-sectional (6, 8) or longitudinal studies (9) (10) (11) . However, few studies directly compared the relative associations of the three markers with blood pressure or the presence of hypertension (12) . It is also intriguing how the complex interplay of the metabolic syndrome, adipose tissue mass, and inflammation is involved in the pathogenesis of hypertension. In the present study, we investigated the associations between adiponectin, leptin, hs-CRP, and blood pressure in a community-based population.
Methods

Study Population
In 2000-2003, a health survey was offered to the residents ≥ 40 years in the town of Kinchen on the island of Quemoy, whose inhabitants are homogeneous Chinese. Some of the survey results have been published previously (3) . The target population consisted of 6,600 individuals, based on household registration data. The survey was funded by the Bureau of Public-Health Government of Kinmen County, ROC, as a free health service for the local communities. The participants signed a consent form that permits the use of collected data for research, teaching, medical service, and health management without disclosure of personal identity. The research protocol of the present study, which involved the use of the survey data and the analysis of stocked sera to determine insulin levels and other biomarkers, was approved by the institutional review board of Taipei Veterans General Hospital.
Of the 6,600 in the target population, 2,377 subjects (36%) participated. Among the participants, 2,045 subjects, who were not taking any medications for the treatment of hypertension and/or diabetes and who had complete data for serum adiponectin, leptin, hs-CRP, insulin, and plasma glucose, were eligible for the present study.
Data Collection
The details of the data collection have been reported (3) . In brief, the demographic data and the medical history of each individual were obtained during face-to-face interviews in which a structured questionnaire was used. Anthropometric parameters including weight, height, and waist circumference (WC) were acquired. Seated systolic and diastolic blood pressure (SBP and DBP) were the average of three measurements taken manually at 5-min intervals using a mercury sphygmomanometer and a standard-sized cuff (13 cm × 50 cm).
Overnight fasting serum and plasma samples were acquired for glucose, insulin, lipid, and other biochemical measurements. Fasting plasma glucose was determined by the hexokinase-glucose-6-phosphate dehydrogenase method with a glucose (HK) reagent kit (Gilford, Oberlin, USA). Fasting serum insulin was measured by radioimmunoassay (Incstar, Stillwater, USA). Serum hs-CRP was determined by particleenhanced immunoturbidimetry using latex microparticles sensitized with duck anti-CRP IgY (Good Biotech, Taichung, Taiwan). The intra-assay and inter-assay coefficients of variance for hs-CRP were 1.4% and 1.42%, respectively. Serum concentrations of leptin and adiponectin were measured by an enzyme-linked immunosorbent assay microtiter plate (Linco Research, Billerica, USA). For adiponectin, the intra-assay and inter-assay coefficients of variance were 6.2% and 0.05%, respectively; for leptin, the corresponding values were 5.9% and 0.24%.
Definitions
Subjects with a fasting glucose ≥ 6.99 mmol/L (126 mg/dL) were defined as having diabetes (3). Subjects with SBP≥ 140 mmHg or DBP≥ 90 mmHg were defined as having hypertension (1). Subjects with blood pressure within the ranges of 140> SBP≥ 120 mmHg or 90> DBP≥ 80 mmHg were defined as having pre-hypertension (1). We used the homeostasis model assessment of insulin resistance (HOMA-IR) to estimate the levels of insulin resistance by the equation: HOMA-IR= fasting insulin (μU/mL) × fasting glucose (mmol/L)/22.5 (3).
Statistical Methods
Student's t-test or the χ 2 test was used to compare the differences of means or percentages between groups. Pearson cor- relation coefficients were calculated to estimate the association between the three biochemical markers and parameters of anthropometric measurements, blood pressure, and insulin resistance, with adjustment for age and sex. Because of the skewed distribution, log transformations were performed for adiponectin, leptin, and hs-CRP prior to statistical analysis. Correlates of SBP or DBP were analyzed by multivariate linear regression. Predictors of the presence of hypertension were analyzed by multivariate logistic regression. To investigate the roles of the biochemical markers in the early stage of hypertension, similar analyses were performed in a subgroup of subjects without the presence of either diabetes or hypertension. All statistical procedures were carried out by SAS statistical package 8.0 (SAS Institute, Cary, USA). Statistical significance was set at p< 0.05.
Results
Characteristics of the study population and of the nondiabetic normotensive subgroup are shown in Table 1 . In the study population of 2,045 men and women who were not taking any antihypertensive or anti-diabetic medications, the prevalences of hypertension and diabetes were 22.0% and 4.1%, respectively. The hypertensive participants were older, had higher body mass index and WC, and higher fasting plasma glucose, fasting insulin, and HOMA-IR than the normotensives. The hypertensives also had higher levels of leptin and hs-CRP than the normotensives. In the nondiabetic normotensive subgroup (fasting plasma glucose < 126 mg/dL and SBP/ DBP< 140/90 mmHg), similar differences between subjects with and without pre-hypertension were observed, except that adiponectin levels were significantly lower in the subjects with pre-hypertension ( Table 1) .
Characteristics of Adiponectin, Leptin, and hs-CRP
In the whole study population, the correlation coefficients of adiponectin, leptin, and hs-CRP with age were 0.35 (p< 0.0001), − 0.11 (p= 0.005), and 0.18 (p< 0.0001), respectively, in men; and 0.25 (p< 0.0001), −0.00095 (p= 0.9725), and 0.23 (p< 0.0001), respectively, in women. Age-and sexstratified levels of adiponectin, leptin, and hs-CRP with reference to the characteristic of HOMR-IR are displayed in Fig.  1 . Women had significantly higher levels of adiponectin and leptin than men across the three age groups. On the other hand, the levels of hs-CRP and HOMA-IR were similar between men and women. Levels of adiponectin and hs-CRP, but not of leptin, increased with age in men and women (all p< 0.001, for trend) (Fig. 1) . In contrast, levels of HOMA-IR increased with age in women (p= 0.027, for trend) but not in men.
The age-and sex-adjusted correlation coefficients between the biomarkers and the metabolic risk factors are shown in Table 2 . Significant correlations existed between the biomarkers and the metabolic risk factors, as well as within the biomarkers. Body mass index and WC were major correlates for adiponectin, leptin, and hs-CRP, especially for leptin. Specifically, adiponectin was negatively associated with body mass index, WC, SBP, DBP, plasma glucose, insulin, HOMA-IR, leptin, and hs-CRP. In contrast, both leptin and hs-CRP had positive associations with the metabolic risk factors. Among the three biomarkers, leptin had the highest correlations with all metabolic risk factors. Similar associations were observed in the nondiabetic normotensive subgroup, except that the correlations with SBP and DBP were markedly enhanced for adiponectin but diminished for leptin. Therefore, adiponectin was the strongest correlate for blood pressure among the three biomarkers in the nondiabetic normotensive subgroup (Table 2) . 
Adiponectin, Leptin, hs-CRP, and Blood Pressure
In multiple linear regression analysis, age, sex, body mass index, and WC were all independently correlated with SBP ( In multiple logistic regression analysis (Table 4) , age, sex, body mass index, and WC were independent predictors of the presence of hypertension. Neither HOMA-IR, adiponectin, leptin, nor hs-CRP could predict the presence of hypertension when age, sex, body mass index, and WC were accounted for. In contrast, in the nondiabetic normotensive subgroup, HOMA-IR and adiponectin, but not leptin or hs-CRP, predicted the presence of pre-hypertension independently of age, sex, body mass index, and WC (Table 4 , lower panel).
In the nondiabetic normotensive subgroup, the subjects with high HOMA-IR (above median, 2.9 for men and 2.8 for women) and low serum adiponectin (below median, 7.3 μg/mL for men and 9.8 μg/mL for women) had significantly higher systolic blood pressure than those with low HOMA-IR and high serum adiponectin (119.8±10.7 mmHg vs. 117.8±10.7 mmHg, p= 0.014). The presence of both high HOMA-IR and low serum levels of adiponectin presented the highest odds ratio (OR) for the prediction of prehypertension (OR= 2.03, 95% confidence interval [CI]= 1.46-2.84) with reference to the subgroup with low HOMA-IR and high adiponectin, after adjusting for age, sex, body mass index, and WC.
Discussion
The present study demonstrated high correlations of body mass index and WC with adiponectin, leptin, and hs-CRP. None of the markers for the metabolic syndrome, adipose tissue mass, and inflammation were associated with blood pressure or the presence of hypertension, independently of age, sex, body mass index, and WC. However, in the nondiabetic 1=men; 2=women. BMI, body mass index; HOMA-IR, homeostasis model assessment of insulin resistance; hs-CRP, high-sensitivity C-reactive protein; WC, waist circumference. Age, sex, BMI, and WC are established predictors for systolic blood pressure and the independent relationships are summarized as Model 1. Other parameters were examined in Models 2-5 by adding one parameter to Model 1 at a time sequentially. normotensive subgroup, associations with blood pressure and the presence of pre-hypertension independently of body mass index and WC were established for adiponectin but not for leptin or hs-CRP.
Adiponectin in the Early Stage of Hypertension
Adiponectin has insulin-sensitizing, anti-atherosclerotic, and anti-inflammatory effects, and hypoadiponectinemia predicts the development of metabolic syndrome, new diabetes, and atherosclerotic cardiovascular events (5, (13) (14) (15) . Hypothetical pathways leading from hypoadiponectinemia to hypertension have been proposed (16) . Hypoadiponectinemia may cause insulin resistance, endothelial dysfunction, activation of the inflammatory cascade, and vascular hypertrophy and stiffness, all of which are involved in the pathogenesis of hypertension (16, 17) . Furthermore, a direct role of adiponectin on blood pressure regulation has been investigated in adiponectin-knockout mice: a high-salt diet induced hypertension even in the absence of insulin resistance, and adiponectin therapy lowered the elevated blood pressure (18) .
On the other hand, the epidemiological association between adiponectin and blood pressure has not been fully established. The inverse associations between adiponectin and SBP and/or DBP independently of body mass index were shown in Japanese men and women not taking any medication for metabolic disease (19) , and in healthy Taiwanese female adolescents (20) . In contrast, no associations between adiponectin levels and blood pressure were found, with or without adjustment for age and body mass index, in Japanese men and women (19) , in overweight/obese Taiwanese subjects, in newly diagnosed and formerly untreated hypertensive young Turkish males (21) , and in nondiabetic high-risk Caucasian patients undergoing coronary angiography (22) . More recently, the relationship between serum adiponectin and the development of hypertension was investigated in a nested case-control study (9) . Baseline serum adiponectin was a significant independent predictor of incident hypertension at year 5 (9) . Although the results suggest that hypoadiponectinemia may be involved in the pathogenesis of hypertension in humans, the causal relationship remains to be examined in future cohort studies (16) .
In the present study, independent associations between low serum adiponectin levels and both SBP and prehypertension were shown only in the nondiabetic normotensive subgroup. The absence of an independent association between serum adiponectin and blood pressure in the whole study population may be attributable in part to the fact that interactions among various metabolic factors, sympathetic activation, and reninangiotensin stimulation commonly observed in established hypertension could interfere with serum adiponectin levels and/or mask the influence of adiponectin on blood pressure (23, 24) . On the other hand, the independent association observed in the nondiabetic normotensive subgroup was consistent with observations in other studies involving normotensives (25) , subjects with high-normal blood pressure (26) , and young adults with a family history of essential hypertension (27, 28) . These positive studies, including the present one, support a role of adiponectin in the early stage of hypertension. The findings that leptin and hs-CRP were not independently associated with blood pressure or pre-hypertension in the nondiabetic normotensive subgroup suggest that adiponectin is more important than leptin and hs-CRP in the pathogenesis of hypertension. These findings may also be useful in elucidating the roles of total adipose tissue mass and subclinical chronic inflammation in the pathogenesis of hypertension. The relationship between hyperleptinemia and hypertension remains controversial, and leptin may mainly be involved in the sympathetic activation commonly found in obese hypertensive patients (29) . In the present study, leptin had apparently greater correlations with body mass index, WC, and HOMA-IR than did adiponectin and hs-CRP, indicating that leptin is strongly dependent on general or abdominal obesity. It may be reasonable to speculate that the association between leptin and blood pressure or hypertension is mainly due to the strong relationship between blood leptin levels and the extent of obesity.
High hs-CRP levels have been associated with prevalent (30, 31) and incident hypertension (10, 11) . However, the role of inflammation in the development of hypertension cannot be considered established without more longitudinal studies involving more diverse ethnicities (31) . Hypertension prevalence varies considerably across countries and ethnic groups. It has been shown in a multi-ethnic cohort of men and women that the difference in hs-CRP by hypertension status was largest in Chinese participants, followed by Caucasians and African-Americans, whereas Hispanics had no significant difference in hs-CRP by hypertension status (31) . It has been shown that obesity is characterized by a state of chronic lowgrade inflammation and that hs-CRP is associated with total body fat in adults and adolescents (32) . Therefore, our results may suggest that the association between hs-CRP and blood pressure or hypertension is partly due to the relationship between hs-CRP levels and the extent of obesity.
Insulin Resistance and Adiponectin
Insulin resistance has been a hallmark of the metabolic syndrome until recently, when the importance of abdominal obesity and adiponectin in the syndrome's pathogenesis was recognized (33) . Substantial ethnic differences exist in the association between insulin resistance and hypertension (34) , and insulin resistance may be significant to the pathogenesis of hypertension mainly in the early stage of hypertension or in subjects without diabetes (3, 34) . There were complex interactions between insulin resistance and adiponectin, and recent studies indicated that insulin resistance may be the downstream result of hypoadiponectinemia (16, 35) . In the present study, the level of adiponectin, but not that of HOMA-IR, was associated with blood pressure, and both levels were predictors of prehypertension, independently of age, sex, body mass index, and WC in the nondiabetic normotensive subgroup. Although the interaction between adiponectin and insulin resistance in the cardiovascular system is complex and remains to be clarified (13) , our results may suggest that low levels of adiponectin and high HOMA-IR synergistically predict the presence of pre-hypertension.
Limitations of the Present Study
The present study was a cross-sectional design that precluded the establishment of a causal relationship between the biomarkers and the development of hypertension.
In conclusion, adiponectin, but not leptin or hs-CRP, was independently associated with blood pressure and pre-hypertension in a nondiabetic normotensive subgroup. This may support the hypothesis that metabolic syndrome, but not the amount of adipose tissues or chronic inflammation, is involved in the early stage of hypertension.
